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Figure 6. (a) Scheme of carbon nanotube array; (b) contour plot of electric field magnitude on tip surface; (c) electric field

magnitude on axis.

Table 2. Field emission characteristics of different types of carbon nanotube arrays.

Emitted electron numbers Electrons colliding on anode

Array types Current density (mA/mm?)
Vertical aligned 6.97

Random height 0.592

Random orientation 0.006

525 476
525 458
496 160

electric field is 3 V/mm, which is within the range
of the common fabricated CNT emitter cells (5-8/mm?,
1-5V/mm),'® and for the experimental results, the cur-
rent density ranges from 10mA/cm? to 100 mA /cm?.
The simulation shows consistency with the experiment,
and indicates that high equivalent aspect ratio is impor-
tant to improve CNT field emission properties. During
the implantation process, a large tilt angle should be
avoided.

Summary

The field emission characteristics of CNT field emitters
produced using a CNT implantation process were ana-
lyzed using the FDTD and PIC method. The vertically

aligned single CNT has the maximum field enhance-
ment factor, compared to CNTs with equal length but
other attitudes. The vertically aligned single CNT is
also proved to be best of the four CNT shapes in terms
of convergence and uniformity of the trajectory beams.

For the CNT field emission arrays, the simulation
result shows that single nanotube spacing should not
be too small, as the electrostatic screening effect would
prevent the expected field enhancement. Compared to
the ideal equal length, vertically aligned CNT array,
CNT arrays with randomized length and tilt angle dis-
tribution have drawbacks, such as decreased current
density and weakened electron trajectory characters.
The simulation result implies that in the fabrication
process of the CNT field emission unit, large fluctua-
tions of CNT length and tilt should be avoided.
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Figure 7. (a), Part (i) scheme of a carbon nanotube array with randomized length; part (ii) carbon nanotube length distribution;
part (iii) contour plot of electric field magnitude on surface (z=750 nm); (b), part (i) trajectory of beams of carbon nanotube array;

part (ii) point clouds of beam spots on anode.
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Figure 8. (a), Part (i) scheme of a carbon nanotube array with randomized orientation; part (ii) carbon nanotube tilt angle
distribution; part (iii) contour plot of electric field magnitude on surface (z=750 nm); (b), part (i) trajectory of beams of carbon

nanotube array; part (ii) point clouds of beam spots on anode.
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